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This thesis describ&s the results of the 
investigations carried out on the following plants; 
(a) Aleurites moluccana, 
(b) Psilotum nudum and 
(c) Ailarithus grandis. 
Work up of the alcoholic extract of Aleurites 
rnoluccana yielded two components found to be homogeneous 
on TLC examination. From their chemical behaviour and 
spectral characteristics (U.V., I.R. and NMR) both-of 
them were concluded to be coumarins. Examination of the 
high resolution mass spectrum showed it to have the 
molecular composition C2QH^gOQ. From the fragmentation 
mode, as revealed in its low resolution mass spectra 
and the NMR spectra of the acetate, this compound could 
be concluded to possess the structure (XXVII). Chemical 
and spectral behaviour of the second component, whose 
molecular composition corresponded to that of C^QH^P^OQ, 
resembled those of the first and hence, it was also 
concluded to be a coumarin. On the basis of spectral 
evidence, largely NMR, and decoupling studies,the compound 
v/as assigned the structure (LX), These two compounds are 
additions to the recently discovered tribe of coumarino-
lignoids and have been named moluccanin (XXVII) and 
demethyl moluccanin (LX). 
Moluccanin (XXVII) 
R^/R2=GH20H/ 
HxCO 0 
OH 
Deraethylmoluccanin 
(LX) 
R^/R2=CH20H/ L | j 
H,GO. 
Moluccanin and demethylmoluccanin constitute 
the first examples of coumarinolignoids of linear fusion. 
The second plant to be examined was Psilotum 
nudum. Work up of the chromatography of the alcoholic 
extract yielded a substance, m,p, 165°, in very poor 
yield. It was soluble in aqueous alkali from which it 
could be regenerated. Detailed inspection of its I.R. 
and U.V, spectra revealed it to -be an aromatic acid of 
the C^ - Qic^ type. With the help of data derived from 
N.M.R. and mass spectra and the N.M.R. spectra of its 
acetate, the acid could be assigned the structure and 
stereochemistry depicted in (LXXIV). 
COOH 
•H 
H H 
(LXXIV) 
5-(p--hydroxy) phenyl - penta - 2,4-dienoic acid 
This acid has not been reported in nature so far, though 
a stereoisomer has .been reported to be synthesised. 
Five compounds could be isolated from the meagre 
quantity of Ailanthus grandis, available. Out of these 
four v^ ere found to be of known structure and identified 
as the dimethylester of terephthalic acid (LXXXVIII), 
22 A -stigraast-3 -ol (LXXXIX), the alkaloid canthin-6-one 
(XC) and the glucoside of ^-sitosterol (X'^ -I). The fiftb 
COOCH, 
COOCH, 
(LXXXVIII) (LXXXIX) 
^ 
oU 
Sl-0 
(xc) (xai) 
component from available evidence, was concluded to be an 
alkaloid, but further work was not possible as it was 
isolated in very small quantity. 
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I N T R O D U C T I O N 
Man used to look to his neighbourhood for treat-
ment of ailments afflicting him. Gradual accumulation of 
such data pertaining to the medicinal properties of plants 
led to the development of various systems of medicines. 
Plants which were found to be medicinally active v/ero 
subjected to chemical examination with a viev; to isolate 
and identify the ingredients responsible for their activity-
Results of sucli investigations were manifold, most prominent 
of v/hich was study of the structure-activity relationship 
of the isolated ingredients. Ofshoots of this approach were 
attempts at the synthesis of natural products isolated, 
and chemical manipulation of the active principles in 
search of compounds of higher efficacy and potency. In 
effect, thus, study of chemistry of natural products 
provided a fillip to synthetic organic chemistry. Isolation 
of active principles from plants also prompted the chemical 
examination of botanically related species, in search of 
related drugs, and alternate sources of Icnown ones. Such 
investigations have given rise to the frontier discipline 
of chemotaxonomy. 
India is known for its rich flora, a vast part 
of which is yet to be investigated. Reasons outlined above 
and the availability of some interesting plants resulted in 
the work described in this thesis. 
Results on the chemical investigations on three 
plants are described in this thesis. Of these, Aleu.rites 
iTioluccana belongs to the family Euphorbiaceae, and tv/o 
new cournarinolignoids have been isolated from it. 
Coumarinolignoids are natural products of rare occurrence 
and of potential medicinal use. Psilotum nudum, another 
plant examined, has yielded a new acid, which again because 
of ics structural similarity with compounds of proven 
medicinal properties, offers ample scope for further 
investigation in this direction. Last of the planes examined 
®^ Ailanthus grandis. It belongs to the family Simaroubaceae, 
which is the source of quassinoids, the class of bitter 
principles of pronounced anti-cancer activity, Indian 
species of this family have not received the attention they 
deserve. Petroleum ether extract of A. grandis, has yielded 
two steroids and tv;o alkaloids. Results of the investigations 
outlined above are listed in the follov/ing pages. 
T H E O R E T I C A L 
structure elucidation of organic compounds, 
whether synthetic or natural products, is one of the most 
important aspects of organic chemistry. This objective can 
be achieved by employing classical methods of chemical 
degradation or by utilising physical methods mainly UV, IR, 
NMR, and Mass spectrometry. Of these two approaches the 
latter has the advantages of speed and the requirement of 
only a small quantity of the material. Because of these 
advantages, over the last couple of decades there has been 
a gradual but perceptible shift towards the use of physical 
methods in structure determination. Even among the usual 
techniques employed for this purpose; there has been a 
gradual shift in emphasis towards NMR and Mass spectrometry; 
utility of UV, and IR spectroscopy now a days being largely 
confined to detection of chromophores and functional groups, 
the basic data with which the process of structure elucida-
tion is initiated. Incidentally, 2 of the three new 
compounds reported in this thesis are derivatives of 
coumarins and their structures too have been arrived at. 
largely, on the basis of spectroscopic data. Hence a very 
brief tabulation of the recent developments in this area 
has been attempted and is described below. 
4 
Deviation or the maxima of substituted coumarins 
in the UV from those reported for parent coumarins, viz: 
278-520 nm has been co-related with the nature and location 
of substituents '^. Determination of the spectra in presence 
of base, buffers or complexing agents have been reported 
to offer definite clues as to the location of hydroxyl groups 
in the molecule . 
Developments in the area of NMR spectroscopy are 
manifold, and as far as coumarins are concerned, pertain 
mainly to change in conditions under which the spectral 
determinations are made, and progress achieved in the 
application of subsidiary technique like solvent induced 
shifts, lanthanide induced shifts and nucleur Overhauser 
enhancement effect. Former of these help in widening the 
scope of applicability of this technique and has largely 
been confined to silylation of glycosides and hydroxy 
derivatives of coumarins. Several specific examples of 
t 
application of the later techniques are available in the 
literature, out of which only a relevant few are cited here. 
The first attempt at the use of shift reagent in 
this area involved Eu (fod)^. The reagent was observed to 
complex with the carbonyl oxygen of the coumarin molecule 
in such a manner that the europium atom was in the plane 
of the ring and on the same side or the molecule as the 
H-3 (I). In such a configuration the H~8 was found to be 
O^^O 
(I) 
the most deshielded one^. In avicennol (II) the fact that 
the side chain was located at C-8 was concluded from the 
shift observed for 1"H and 2"H on coraplexation with Eu 
(fod);, • I'fc has also been possible to differentiate between 
7 
the stereo isomers II & III m case of avicennol. 
H ^ X 
4'H 
H-XO 
(III) 
Examination oX the nuclear Overhauser enhancement 
effect has proved helpful in arriving at the structures of 
o 
several coumarins, nieshoutol (IV) being one of thera . When 
the methoxyl signal in it was saturated, a 11% increase was 
observed in the integrated intensity of the H-4 signal. In 
the reverse run, irradiation of the H-^ signal resulted in 
a 12% increase in the intensity of the methoxyl signal. 
This evidence conclusively established that the methoxyl 
function was located at C-5 and not at C-6» Interestingly, 
this technique supplemented the use of shift reagent in the 
structure elucidation of avicennol (II) . Proof to the 
effect that the methoxyl group was sandwiched by the C-8 
side chain and the alkyl chain of the pyran unit could be 
obtained by observation of NOE effect between the methoxyl 
protons and 4'H on one hand and the 1"H and 2"H on the 
other hand. This technique was also found to be of utility 
in the structure elucidation of ceylantin (V), a pyrano-
coumarin, in these laboratories. From IR, NMR and Mass 
spectroscopic data ceylantin was concluded to be a pyrano-
coumarin carrying 2 methoxyl groups. The substitution 
pattern could be deciphered from the fact that none of the 
methoxyl groups showed any NOE effect with H-^ and that 
OCH, 
H3C O^^O 
;N 
> < ^ 
(V) 
one of the methoxyl groups showed this effect with the 
c<-proton of the pyran ring. This evidence excluded all 
possible arrangemencs of the substituents except that 
depicted in (V). 
Mass spectra of several coumarins have been 
determined both in the field ionisation (FI) and the 
8 
electron impact (EI) modes and the spectra compared . In all 
cases it was observed that in the FI spectra the molecular 
ions were the base peaks and that the structurally diagnostic 
ions were Termed by direct cleavage. In the EI spectra, on 
the other hand,it was observed that molecular ions were 
relatively weak and fragment ions were predominantly those 
whose formation involved rearrangement process. Coumarins 
which are oxygenated at G-j> or C-4 are relatively rare and 
available only in small quantities. The frag:mentation 
10 pattern of such coumarins, hence, were examined . It has 
been generalised from this study that m the mass spectra 
of 3-hydroxy coumarins the base peak was, invariably, the 
M'*'-56 fragment, whereas in case of the 4-hydroxy derivatives 
the base peak was the molecular ion. It was also observed 
that in case of 5-niethoxy coumarin loss of CHpO, either 
from the parent or M'*"~28 ions, was of diagnostic value. The 
loss typical of 4-raethoxy coumarins was found to be that 
of 43 amu (COCH^). 
It can be concluded from the above that by 
employing a judicious combination of the various spectros-
copic techniques, structures of coumarins can be elucidated 
using,minimum of the material. 
D I S C U S S I O N 
The genera Aleurites, a part of the family 
11 
Euphorbiaceae,consists of six species all of which have 
been found to occur in the tropical and sub-tropical regions 
of Asia. Nuts of these species are rich in oils, which are 
of the drying type. Matter of fact, the oil of Aleurites 
fordii, known in the trade as 'tung oil* is one of the most 
widely used oils in the paint industry in the U.S.A. Attempts 
at commercial cultivation of different species of Aleurites 
were initiated as back as 1927 in Assam, Bengal, Bihar and 
Coorg in Mysore, apart from Burma., The oil of Aleurites 
moluccana, however, has been found to be of inferior quality 
11 
relative to- those of other Aleurites species 
Commercial importance of this tree and consequently 
its availability in large quantities coupled with the 
medicinal properties associated with it prompted the chemical 
investigation of this plant. Aleurites moluccana is reported 
to be employed in the indigenous systems of medicine in 
12 the eradication of worms as well as m treatment of piles 
Its oil has also been reported to be used as a substitute 
15 for castor oil in purgation -^, Chemical investigations on 
this species have been confined to the analysis of its oil 
resulting, expectedly, in the isolation of linoleic, 
14 
Imol in ic and eleostearic acids 
1C 
The plant material was collected from the campus 
of the Forest Research Institute, Dehra Dim. Thin branches, 
the part procured, were cut into small pieces, dried and 
extracted successively with petroleum ether (60-80°) and 
alcohol. Concentrate of the alcoholic extract yielded no 
solid on chilling and hence was chromatographed on a column 
of silica gel. The column was eluted with benzene containing 
increasing quantity of ethyl acetate. Fractions collected 
were continously monitored by TLC and appropriate fractions 
combined for further processing. Work up of the benzene-
ethyl acetate eluates of composition 80:20 and 70:30 yielded 
two solids termed as AM-2 and AM-3 respectively. 
11 
Ai'j-2; AM-2 was crystallised from methanol-acetone as 
colourless crystals m.p. 220 . Solubility characteristics 
indicated it to be fairly polar in character.lt was insoluble 
in water as well as in aqueous bicarbonate but was found 
to dissolve in aqueous NaOH, from which it could be 
regenerated on acidification, unchanged. It thus appeared 
to be either an acid or a lactone. The alkaline solution 
was yellow in colour suggesting that AM-2 was phenolic in 
character and probably a coumarin -^, The latter surmise 
derived further support from tne fact that AM-2 exhibited 
a characteristic Dlue flourescence in UV light '^ . 
The UV spectra of coumarins are not as character-
istic or distinctive as those of Y-pyrones, but are 
typified by high intensity absorptions at the high wave 
length end of the spectra . The UV spectrum of AM-2 
(Fig.1) was multibonded with maxima at 250, 295 and 3^0 nm, 
the latter two bands having higher molar absorption 
co-efficients. 
The IR spectrum (Fig,2) also supported the 
formulation of AM-2 as a coumarin by the appearance of a 
-1 
strong absorption at 17'15 cm in the carbonyl region. 
12 
.<^ 
FIG.1 
13 
30Nvgyos9V 
14 
Relatively small size of the coumarin molecules, 
lewer number of hydrogens they carry, and the availability 
of vast data in the literature as the result of systematic 
studies of magnetic resonance spectra or coumarins have 
made NMR spectroscopy the most popular and powerful 
technique to be employed in the elucidation of the structure 
of these compounds. Very often, examination of the NMR 
spectra of the parent coumarin and its derivatives alone 
is sufficient to identify or assign a structure to it. 
Diagnostic features which stand out in the rfMR spectra of 
coumarins unsubstituted in ring A arise out of H-3 and H—^. 
They appear as typical AB pair of doublets, the former at 
* '17 
S 6.1-6.4 and the latter at 7-5-8.3 respectively . The 
NMR spectra (Fig.3) determined at 100 Mc expectedly showed 
AM-2 to be a coumarin by the appearance or the typical 
coumarinic doublets at 6.360 and 7-9 90 (J=9 Hz). Apart 
from the chemical evidence adduced above, the IR and U? 
data totally discounted- the possibility of AM-2 being a 
chromone, which could not have been ignored on the NMR 
data alone. Had AM-2 been a chromone, it should have absorbed 
in the carbonyl region at 1680 cm~ 
AM-2 having thus been concluded to have a coumarin 
nucleus, further stages involved in the elucidation of its 
* All values are reported in 6 ppm. units. 
o o o 
.o_c._o..°_^_g_^ 
o •" o o :;;; °->o « iC lO 1^ J 
16 
structure were the identification and location of the 
substituents present on the above nucleus. NFiR data was 
helpful in this context as well. The most prominent peak 
in this spectra was a 6H singlet appearing at 5•85 which 
could be ascribed to 2 methoxyl groups. The structure of 
Aiyi-2 could thus be expanded to (?I). Assuming the location 
+ 2 OCH, 
(VI) 
of an oxygen at C-7 of the coumarin system, on biogenetic 
grounds , the above structure could be expanded to (VII), 
+ 2 OCH, 
(Vll) 
The rWR spectrum (Pig.3) also revealed that 
though AM-2 had a coumarin nucleus, it was not a simple 
coumarin, but carried rather unusual substituents. Because 
17 
of the small number or positions available for substitution 
in the nucleus one would have expected the existence of only 
20 
a limxted number of tnera, but a review of 1978 lists >02 
coumarins. Availability of limited sites for substitution 
in coumarins appear to have been compensated by diversity 
in substituents. Most prominent among such substituents 
which have been found to affect extensive alkylations at 
oxygen or carbons are uncyclised Ct-,C^ Q and C^ r units of 
various isomeric forms . These alkylated coumarins get 
involved in secondary process as well, leading to furano-
or pyranocoumarins of various forms. Apart from the 
uncyclised moieties refered to above, cyclised mono- and 
sesquiterpenes also have been found to alkylate coumarins. 
Such diverse substituents have tended to increase the 
population of coumarins. 
A feature common to the type of coumarins alluded 
to above is the presence; of methyl groups attached to 
either saturated or unsaturated carbons. The NMR spectrum 
of AM-2 (Fig.5) was conspicuous in the absence of any 
signal ascribable to C-methyls, and thus ruled out the 
presence of isoprenoidal substituents of any kind. It, 
however carried signals at low as well as high fields. That 
AM-2 carried substituents other than methoxyls on the 
18 
coumarin nucleus was made clear by the appearance of 
aromatic protons totalling to four. Had the coumarin nucleus 
carried no aromatic substituent, signals corresponding to 
only two such protons would have appeared in the spectrum. 
It was thus reasonable to conclude that the coumarin unit 
carried some such substituents,one of them aromatic, which 
gave rise to signals both in the aromatic and relatively 
upfield regions. The three low field signals appeared as 
two sharp 1 H singlets at 7»04 and 7-36 and a 2 H singlet 
at 6.83. These signals indicated strongly, by the lack of 
ortho coupling that AM-2 carried no contiguous protons in 
the aromatic or coumarin systems. It was, therefore, 
imperative to assume that the coumarin ring carried at least 
two substituents. Another substituent, hence, had uo be 
placed at C-6. If the coumarin were assumed to be disubsti-
tuted, the probability of the second substituent being 
presjnt on C-5 was remote, as none of the above signals 
showed any sign of meta coupling. However, the possibility 
of the location of a substituent at C-5 or C-8 could not be 
discouted altogether. This probability was distinct if the 
coumarin were assumed to be tri-substituted. In this event, 
only one of the 1 H singlets could have originated from 
ring B of the coumarin.- moiety. 
a 
If one were to proceed with the assumption that 
AM--2 was a disubstituted coumarin, temporarily disregarding 
other alternatives, the two 1 H signals could have origi-
nated from the protons situated at C-5 and C-8. The more 
deshielded of the two, in this case the one appearing at 
7.56, could be assigned to H-5» and the other one appearing 
17 
at 7»0^ "to H-8 . These assignments were in consonance with 
the chemical shifts reported for H-5 and H-8 in 6,7-disubsti-
tuted coumarins. In scoparone (VIII), for instance, the H-5 
17 has been reported to resonate at 7-24 and H-8 at 6.82 . 
(VIII) 
Closer agreement in the chemical shifts of the corresponding 
protons could not be expected in this particular case as 
the spectra of scoparone was run in CDCl,, and that of 
AM -2 in DMSO (d^) 
Additional support for the postulated substitution 
pattern can be had from the UV spectrum of AM-2 (Fig.1) 
20 
which exhibited the highest intensity peak at 540 nm. It 
has been reported that 6^7 dioxygenated coumarins have 
21 their strongest absorption at 340-350 nm , 
The basic units in AM-2 could thus be expanded 
to (IX). Structural features had x;o be added to (IX) to 
account for the rest of signals present in the NMR spectrum 
2 X OCH-
(IX) 
of AM-2. Most prominent of these was the 6 H singlet refered 
to earlier, appearing at 3»S5» which could be better assigned 
on the basis of chemical shift to aromatic rather than 
aliphatic methoxyls. The 2 H aromatic singlet appearing at 
6.83 also required assignment. These two signals, together, 
called for the presence of an aromatic moiety in AM-2. In such 
21 
a moiety, four such positions could be accounted for as 
above, with atleast another position used up for linking 
with the coumarin moiety. Each of the above signal represen-
ted a set of protons; the one at 5«B5 arising out of 
2 methoxyls and the one at 6.83 out of two aromatic protons. 
Both the above signals, appeared as sharp singlets. This 
was strongly suggestive of the fact that the protons within 
each of these sets were situated in idencical environments. 
Further, the chemical shift of the 2 H singlet, 6.83, 
indicated that they resonated at the higher end of the 
aromatic region. Going by the standard chemical shift of 
7.27 for the protons of benzene and taking into account the 
deshielding caused by oxygen atoms they may carry viz. ^— 5 
22 ppm each , it could be inferred that this aryl system 
carried either two or three oxygens. Another factor which 
required settlement; before formulating a structure for this 
aryl moiety was the actual number of carbons,whether one 
or two, were involved in its attachment to the coumarin 
nucleus. Taking into consideration all the above aspects, 
expecially the identical environments of the 5 protons of 
the methoxyl groups and the 2 aryl protons, three possible 
structures(X, XI amd XII) emerged for this moiety; two 
carbons being involved in linkage with coumarin moiety in 
in case of (X) and (XI), and one carbon in case of (XII). 
H^CO 0 
(X) 
22 
QGH 
""XK Coumarin > Coumarin 
OCH, 
(XI) 
Coumarin 
(XII) 
Of these (X) and (XI) could be counted out as the structures 
arising out of their fusion with coumarin moiety,(XIII) and 
(XIV) respectively, held no further scope to accomodate or 
(XIII) 
OCH 
OCH, 
(XIV) 
0^/C? 
23 
explain the yet unassigned NMR signals. Hence, perforce, 
(XII) had to be chosen as the structure representative of 
the aryl moiety, R standing for an alkyl or a functional 
group. The NMR spectrum (Fig.3)j as already explained, 
carried no signals characteristic of alkyl groups. However 
in the IR spectrum (Fig.2) strong absorption was present 
at 3520 cm indicative of the presence of hydroxyl function/ 
functions.If the aryl moiety were assumed to carry a hydroxyl 
group, the structural elements of AM-2 could be expanded to 
(XV). Such a formulation could explain not only the IR 
spectra but also the fact that both the methoxyls were 
situated in identical environments as were the two aryl 
protons. In the NMR spectrum both these set of protons 
could hence, be expected to appear as singlets. 
OGH-
-f 
Couraarin 
(XV) 
24 
A prominent signal in the NMR spectrum was a neat 
doublet at ^,^1 (J=8 Hz), arising out of one proton* This 
signal was too upfield to be considered aromatic. On the 
other hand it was too down field to be taken as aliphatic 
either, unless severe deshielding effects were assumed. All 
the protons of the two postulated structural units (XV) of 
AM-2 having been accounted for, the proton responsible for 
this signal, in all probablity, should be situated on a 
carbon involved in linking these two units."The surroundings 
of the hydrogen can therefore, be pictured as Ar- CH- 0- Ar. 
A proton situated in such an environment being at the same 
time part of aryl ether and benzylic functions could be 
expected to be deshielded additively, explaining the 
observed chemical shift of 5«^ '1' The structure of Aiyi-2 could 
thus be expanded to (XVI). 
OCH 
(XVI) 
25 
The signal at ^.^^ appeared as a doublet and, 
therefore, it was apparent that this proton was neighboured 
by one hydrogen, inter alia necessitating the location of 
a carbon fl-to the proton giving rise to this signal. A,1 H 
multiplet in the NHR spectrum of AM-2 at 4.55 reinforced 
this conclusion. The observed chemical shift suggested that 
the proton responsible for this signal, though deshielded, 
was so to a considerably lesser extent in comparison with 
the methine proton appearing at 5»'11« The chemical shift 
of 4.35 could be explained if it were assumed that the 
proton responsible for it was part of an aryl ether function, 
leading to the structure (XVII) for AM-2. 
OCH 
(XYII) 
As the above proton appeared as a multiplet it 
had to be coupled to protons other than the methine appearing 
at 5«1'1« It was thus natural to conclude that this proton 
26 
was coupled with the protons responsible for the yet unassig-
ned signal in the NMR spectra of AM-2. This lone unassigned 
signal appeared as a 2-H multiplet centered at 3»6. This 
chemical shift corresponded to that of hydroxymethylene 
protons attached to an alkyl carbon. Further, the contour of 
the 2 H methylene signal was also in support of this assign-
ment. The two proton signal appeared as a multiplet instead 
of a doublet, the adjacent asymmetric carbon making these 
two protons non-equivalent. On the evidence cited above, 
AM-2 could finally be pictured as (XVIII). 
OGE, 
°xjfy 
(XVIII) 
The structure arrived at for AM-2 (X^II^ was based 
largely on spectroscopic data of the parent compound and, 
hence, required additional support. One of the points that 
particularly required ratification was that AM-2 carried two 
hydroxyl functions, Derivatisation of AM-2 was, therefore, 
called for. It was, hence, acetylated using acetic anhydride 
and pyridine in the usual manner. 
27 
The acetate v;as crystallised from methanol as 
shining needles m.p. 210°. Solubility of AM-2 acetate in 
CDCl^ made the determination of its NMR easier and more 
informative. The NMR spectrum of the acetate (Fig.4-) as 
anticipated showed two separate signals for the acetate 
methyls, one at 2.03 and the other at 2.28. Former of the two 
corresponded to the chemical shift of an aliphatic acetate 
and the latter to an aromatic acetate, supporting the 
formulation of AM-2 as a dihydric compound. Further, the 
2 H multiplet appearing at 3-6 in the NMR spectrum of AM-2 
had shifted downfield to 4.2 on acetylation, notwithstanding 
the change of solvent. 6 H in this case was 0.5 (4.21-3.50), 
entirely within the range expected for a primary alcohol. 
The 2 H aryl singlet corresponding to the one which appeared 
in the NMR spectrum of AM-2 at 6.83 appeared in that of 
the acetate at 6.6. 
Final and conclusive evidence in support of the 
postulated structure could be had from the high resolution 
mass spectra of AM-2 in which the molecular ion appeared at 
385.0997 corresponding to the molecular composition of 
GPQH^OOQ* From the low resolution mass spectra (Figo5) it was 
evident that the fragmentation process, and hence the fragment 
ions produced were in total accord with the structure proposed 
for AM-2 (XVIII), and also with the fragmentation mode 
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25 proposed for benzodioxanes -^. Accordingly, the most prominent 
fragmentation process involved was an RDA process giving rise 
to the base peak at m/z 210. This neutral molecule arising 
out of the Cg-Cv moiety was found to lose water and carbon-
monoxide variously giving rise to peaks at m/z 192 and 182 
respectively. The molecular ion lost a molecule of water to 
give a meta stable peak at m/z 350.8 corresponding to this 
transition (368 •7386=350.8). One of the characteristic modes 
of mass spectral decomposition of coumarins involve sequential 
24- 25 loss of carbon monoxide ' -^ . In this particular case the 
peak at 178 underwent two such losses to give rise to peaks 
at 150 (178-28) and 122 (150-22). It was, therefore, necessary 
to conclude that the coumarin moiety was responsible for the 
peak at I78, which,per-se,established that the coumarin 
moiety was disubstituted. Another peak of diagnostic value 
was the one which appeared at m/z 167j which could only have 
originated by benzylic cleavage of the aryl group leading 
to a tropyliura cation. Formation of this fragment conclusi-
vely established that the aryl group of the C^ -^C^  moiety 
carried one hydroxyl and two methoxyl groups. Finally, the 
genesis of the fragment appearing at m/z 15^ could be explained 
by invoking a six merabered transition state. The mass spectral 
data thus supported, unambiguously, the structure proposed 
for AM-2. The fragmentation modes discussed above are 
depicted in chart I. 
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QCH 
O^^o 
0^ (XVIII) 
O^^o 
178 
210 
192 
^5^VJ^^^^ 
154 
(Chart - 1) 
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AM-2 could, thus, finally be concluded to be a 
25 
coumarinolignan formed by the fusion of a C^-C^ unit to 
o 
a coumarin nucleus. A through survey of the literature 
revealed that only five such compounds have been reported 
so far, first of these having been reported as recently as 
25 in 1980 -^. The coumarinolignans of known structure are 
25 25a 
cleomiscosin 'A' (XlXa) -^^ cleomiscosin 'B' (XlXb) -^  propac 
(XX)^^, aquillochin (XXI)^"^ and daphneticin (XXII)^^. 
m 
(XIXA);R^= 
Ov^O 
^\ 
HjCO' 
OH 
(XIXB);R^=CH20H 
O-^^O 
R2=CH20H 
CH-
OH 
(XX) 
R. 1/ =CH-
R^ 
OH 
OCH-
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0. ^o Ov^/O 
CH^OH/H^CO R / R 2 ^CH^OH/HjCO ? " o^jj^ 
(XXI) (XXII) 
Similar lignano derivatives have been reported 
in the flavone and xanthone series as well. Representatives 
of the former are silymarin (silybin) (XXIII) '-^  , 
3/ zp 
silychrystin (XXIV) and hydnocarpin (XXV)'^ and the 
latter keilcorin (XXVI)5^. 
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(XXIII) 
0^ ^ CH.OH 
OH 
R^/R^ = CH2OH 
CH. 3 
HO 
GH^ OH 
^ 2 (XXIV) 
(XXY) 
OH 
OH 0 
OCH. 
(XXVI) 
3E 
In tiie majority of the lignano derivatives cited 
above orientation of the attachment of the lignan moiety 
to the nuclei concerned are uncertain. This issue was 
resolved in case of the flavananolignan, hydrocarpin (XXV) 
through tne syntnetic method devised by Pelter . Orientation 
"1 •^a in cleomiscosins 'A' and 'B' -^  (XI5C) were defined following 
measurement of C -H spin couplings between C-7 and H-8' 
and C-8 and H-7'« Another approach suggested the use of 
lanthanide induced shift reagent, Pr (fod)^, though it 
appears to have been used only in case of neolignans 54 
Such a problem exists in the case of AM-2 as well. 
The gross structural features of AM-2 having been accounted 
for in (XVIII), the actual structure could be represented 
either by (XVIII) or (XXVII). 
, QCH 
HOHgC 
(XVIII) 
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OCH, 
(XXVII) 
In view of the existence of compounds of similar 
nature, a comparison has been made of the NMR spectral data 
of AM-2 and couraarinolignans of known structures (Table-I). 
The numbering adopted is that proposed by Gottlieb^-' (XXVIII) 
^<^: o 
(XXVIII) 
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TABLE - I 
Cleomiscosin B Propacin Aquillochin Daphneticin AM-2 
(XIVB) 
6.35 6.24 6.36 6.36 
7.63 7.85 8.01 7.99 
6.55 6.82 7.25d 7.36s 
X 7.Old X 
X 7.04s 
s 
« 4 
s 
"6 
% 
H21 
«6 ' 
H5, 
Ho, 
H Q , 
H^« 
6.30 
7.62 
6.54 
X 
X 
NR 
NR 
NR 
NR 
NR 
NR 
6.59 6.68 6.81 6.83 
X X X 
4.7 4.92 5.1 5.11 
4o3 4.26 4.34 4.55 
1.33 3.70 3.59 3.6 
OMe 5.95,3.9 3.74 (9H) 5.81(6H) 3.85 
(6H) 
3 c' 
stereochemistry: 
The stereochemical aspects of AM-2 to be examined 
were twofold^one of which was concerned with the absolute 
configurations of the two asymmetric carbons, C-7' and. C-8'. 
This aspect could not be gone into because of the paucity 
of material. 
The aspect that had been examined was the relative 
stereostructure, i.e. the disposition of the substituents 
on C-7' and 0-8' (XXVII.)- This information could be extracted 
from the magnitude of the coupling constant by which the 8' 
proton was splitting the H-7' into a doublet. This value 
could not be measured from the H-8' signal as it was involved 
in further interaction with the two non-equivalent protons 
located on C-9'• The H-8' signal, as a consequence, was 
broad and diffuse and this coupling constant could not be 
extracted from it directly without resorting to decoupling. 
The spin-spin interaction of H-7' was however, limited to 
H-8', and the signal arising out of the former, consequently, 
appeared as a neat doublet with a coupling constant of 8 Hz. 
This pointed towards a trans disposition of the two methine 
pa 1 
hydrogens situated at C-7 and C-8', and as corollary, to 
a similar disposition of the other substituent on C-7' and 
C-8'. Incorporation of this stereochemical detail into the 
3S 
structure of AM-2 arrived at earlier (XVIII or XXVII) 
finally led to the stereostructure (XXIX). On the data 
available AM-2 appears to be a coumarinolignan of yet 
unreported structure and it is proposed that it be called 
'MOLUCCANIN'. 
OCH-
R^/R2 = CH2OH/ 
(XXIX) 
A scrutiny of the structures of the coumarinolig-
nans reported so far (XIX,XX,XXI and XXII) reveal that in 
three of them the coumarin moieties are trisubstituted, 
whereas in daphneticin (XXII) it is disubstituted. What is 
more striking, however, is the mode of fusion of coumarin to 
the Gr-Gy, units. In all the coumarinolignans reported so far 
the fusions are angular, the 0^-Gy. units being linked 
uniformly to the carbons 7 and 8 of the coumarin units, 
through oxygens. In molucanin the fusion is linear, the 
carbons 5 and 7 of the coumarin being involved in its 
fusion with the C^-Cz unit. Moluccanin is thus the first 
6 3 
coumarinolignan in which the mode of fusion is linear. 
40 
Biosynthesis; 
Lignans haVe been assumed to be derived by dimer-
isation of two n-propylbenzene Gr:"G-2 units. In all such 
dimers isolated initially the monomers were linked with 
one another at their p -carbons, leading to two different 
kinds of skeletons exemplified by pinoresinol (XXX) and 
podophyllotoxin (XXXI). This led to the suggestion that the 
name lignan be confined to dimers linked in this particular 
manner^ . This dimerisation has been postulated to 
QCH 
H^CO 
0 
(XXX) 
OCH, 
(XXXI) 
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involve oxidative coupling of the p-hydroxystyryl systems 
through a one electron oxidation process -^^ (XXXII—••XXXIII) 
HO '/ ^ 
0 
W 
•> o 
R R 
(XXXII) (XXXIII) 
The monomer units involved in this kind of coupling 
are various derivatives of cinnamic acid, cinnamyl alcohol, 
propenyl-benzene and allylbenzene. Dimers formed by any of 
the two latter kinds of monomers, of comparatively recent 
discovery, have been termed neolignans"^ -^ . Magnolol (XXXIV) 
and eusiderin (XXXV) are thus representative of neolignans. 
OCH, 
HO OH 
(XXXV) (XXXIV) 
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A similar genesis can be assumed for lignano 
derivatives of coumarins, flavones, and xanthones with the 
difference that in these instances, the oxidative coupling 
involves the C^-C^ unit and the basic skeleton concerned. 6 3 
In molucanin the two units involved are syringyl alcohol 
(XXXVI) and 6,7 dihydroxy coumarin (XXXVII), and its genesis 
can be assumed to be as follows (chart II). 
OCH, 
HOH2C 
(XXXVI) 
O^^o 
(XXXVII) 
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QCH, 
HOH2C 
HOH2C 
HOH2C 
(Chart - II) 
Silymarin, in which a similar fusion involves only 
one oxygen can, on the other hand, be pictured to be formed 
as depicted below (chart III). 
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OH 
•OH O^H 
Ring B 
OGH, 0 OH 
H' OCH, 
-H" 
)H 0 
O 
OH HO 
OCHj 
Ring B 
(Chart - III) 
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Chemotaxonomy: 
Euphorbiaceae has neither been classified as a 
family rich in the occurance of coumarins nor lignans. The 
families which are rich sources of coumarins are Leguminoseae, 
4-0 Orchideceae and Umbelliferae and among the ones, in which 
lignans can be expected to occur are Lauraceae, Polypodaceae, 
Taxodiaceae, Urticaciae, Magnolialeaceae, Scrophulareaceae 
and Eubiaceae 
What is interesting, however, is that, of the 
po__po 
four coumarinolignans reported so far, two have been 
isolated from plants belonging to Thymelaceae, a family 
closely related to Euphorbiaceae . A structural feature 
which stands out in all the four coumarinolignans reported 
so far is that in all of them the C^-Cv moiety is attached 
to the coumarin moiety at position 7 sind 8, and hence are 
angular. The structure of moluccanin differs from the 
earlier ones in that the syringyl alcohol moiety is linked 
to the positions 6 and 7 of the coumarin skeleton and hence 
the fusion is linear. An explained earlier moluccanin, thus 
is the first coumarinolignan of linear fusion. 
What will be of more interest from the chemotax-
nomic point of view will be the result of the chemical 
4£ 
investigations on other species of the genera Aleurites 
and members of other genus closely related to Aleurites. 
Possible medicinal properties and uses: 
Varied medicinal properties have been associated 
with lignans. Podophyllotoxin (XXXI) is the foremost among 
the lignans, having been clinically employed in the treatment 
of some kinds of cancer « Other lignans of similar activity 
are steganacin (XXXYIII)and stagangin (XXXIX) -^, Lignans 
isolated from Schizandra Chinensis and S. sphenanthera, 
H,GO-^\\ 
OGH, (XXXVIII); R'=OAc, R2=H 
(XXXIX); R'=OAng, R2=H 
47 
exemplified by schizandrin B (XL) and desoxyphyllotoxin 
(XLI) isolated from Thyopsis dolabarata have been found 
to exhibit considerable antihepatatoxic activity '. Further-
more, certain cinnamic acid derivatives (C^ -^C^  compounds) 
OCH 
(XL) 
CHjO OCH 3 
OCH-
(XLI) 
like caffeic acid (XLII) and ferulic acid (XLIIa) have 
L\.L\. 
been found to be hepatotropic 
(XLII); R=H, (XLIIa); R=CH^ 
Nor-dihydroguairetic acid (XLIII) a lignan, has been 
48 
recommended to be used as an antioxidant in food material ^5 
(XLIII) 
The photodynamic activity of coumarins is too 
20 
well documented to bear repeatition . Moluccanin being 
the" result of the fusion of two such medicinally important 
units can reasonably be expected to be of considerable 
biological activity. This optimism is borne out by the 
in-vitro cytotoxic activity on Walker-256-Carcinosarcoma-
Ascites cells detected in case of daphneticin (XXII), the 
coumarinolignan isolated from Daphne tangutica 
What is of further interest in the current context 
is the antiheptatoxic activity attributed to the flavano-
lignans of Silybum marianum and the immense attention 
devoted to the silymarins by pharmacologists resulting in 
4S 
more than hundred publications . Silymarin has been 
found to be so active that it is known to be the only 
known broad spectrum antiamanitic . Moluccanin therefore 
offers ample scope for pharmacological investigations. 
5C 
AM-3'- Alcoholic extract of the plant was chromatographed 
on a column of silica gel and the column eluted with' usual 
eluotropic series, as described earlier. AM~5 was eluted 
by benzene:ethyl acetate (70:50). 
It was crystallised from methanol:acetone, as 
colourless needles, m.p. 205 • Chemical behaviour of AM-5 
was similar to that of molucanin. It was insoluble in 
water, but soluble in the usual polar organic solvents like 
acetone, alcohol etc. AM-5 was soluble in aqueous NaOH 
from which it could be regenerated on acidification. It 
also showed a positive ferric reaction, a green colour 
being produced on admixture with alcoholic ferric chloride 
solution. 
On exposure to U.V. rediations AM-3 exhibited a 
characteristic blue flourescence, while its alkaline 
solution flouresced yellow., 
Facts noted above suggested, AM-3 to be a 
coumariri''' , though its solubility in aqueous NaOH could 
as well be the result of it being a phenol. The positive 
ferric reaction of AM-3 provided firm evidence in support ' 
of the phenolic nature of AM-3. Strong indication, however, 
could be had from the UV spectrum of AM-5 (Figj6 ) that it 
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FIG.€ 
was a coumarin. It had a multibonded spectrum v;ith maxima 
at 260, 295 and 3^0 nm. Spectral feature characteristic of 
coumarins, the presence of a long wavelength band, was 
16 21 found to be present at 3^0 nra in this spectrum ' 
The usual support for the characterisation of new 
entities as coumarins was unfortunately not available from 
the IR spectrum of AM-3 (Fig.7). The lactonic carbonyl of 
coumarins are reported to absorb invariably at 1720 cm" 
- • ^ 
In case of AM-3 the carbonyl band appeared at 1685 cm , 
as a doublet, making it difficult to conclude positively, 
that AM-3 was a coumarin. Inspite of the fact that there 
are instances of coumarins in which the carbonyl band have 
4-7 been reported to appear at similar low frequencies , a 
conclusion to this effect, in the absence of added support, 
would not have been justifiable. The IR spectrum also showed 
the presence of hydroxyl functions in the molecule by the 
presence of a broad band at 3100-3^00 cm , The extremely 
broad and uneven nature of the band was suggestive of the 
presence of hydroxyl groups of more than one kind. 
Further support required for formulation of AM-3 
as a coumarin, could be had from its NMR spectrum (Fig.8). 
The spectrum carried the typical coumarinic signals arising 
out of H-3 and H-4 as doublets at 6.2 and 7-72 (J=9 Hz) 
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respectively '. The aromatic region of the spectrum carried 
in addition to the above, four signals corresponding to 
four protons, each of four signals representing 1 H each. 
Two of the above signals appeared as neat singlets, at 5.82 
and V^Hj indicating that they were not involved in coupling 
of any kind, and by induction that no protons were situated 
at positions ortho or raeta to them. Rest of the two signals 
appeared as meta coupled doublets at 6.51 and 6.56. 
Another prominent signal integrating for 5 protons and 
representative of a methoxyl function appeared at 3»81« 
AM-3 having been formulated as a couraarin it was 
necessary, on biogenetic grounds, to locate an oxygen at 
position 7 (XLIV)'^^. 
(XLIV) 
Substituent on one carbon (C-7) having already 
been accounted for it was natural to conclude that AM-5 
was not a simple coumarin, as atleast 5 carbons had to be 
invoked to account for the signals referred to above, 
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viz: 4 aryl protons, one methoxyl and at least one hydroxyl 
group, whereas the coumarin skeleton could account for 
only three such carbons. The coumarin, hence had to carry 
some such kind of substituent/substituents capable of 
accomodating atleast some of the aromatic signals, in all 
probability an aryl moiety. 
The NMR spectrum (Fig,8) carried signals other 
than cited above and cthe protons responsible for them also 
had to be accomodated in the structure being considered for 
Ar'1-3 and minimum of one carbon could be assumed to be 
involved in accomodating the nuclei giving rise to them. 
In such an event the aryl system could only be linked to 
the coumarin part utilising one carbon of the aryl system 
(XLV) and not fused (XLVI) to the coumarin moiety. Only in 
the former case did sufficient number of carbons become 
Coumarin 
* Coumarin 
(XLV) (XLVI) 
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available to explain all the signals in the NMR spectrum. 
In AM-$ atleast four vacant positions were required 
to be present to explain the four low field aromatic signals. 
It was also pertinent to noce that none of these hydrogens 
were involved in ortho coupling. Further, an oxygen has 
been assumed to be present at C-7 of the coumarin moiety. 
It was imperative under these circumstances to conclude 
that the coumarin moiety as well as the aryl moiety carried 
two protons each and members of these pairs bore para 
relationship in one case and meta in the other. This 
inference could be elaborated leading to two probable 
substitution patterns for the coumarin. moiety. For instance, 
if it were assumed that the two meta coupled protons were 
part of the coumarin moiety, this nucleus should bear the 
substituents at position 5 and 7 (XLVII). On the other band, 
if it were the other pair of protons that was part of this 
moiety, the coumarin nucleus should be 6,7-disubstituted 
(XLVIII). 
H 
''Ov J^ ^0^ ^ o ^0^ ^^ ^O^^o 
(XLVII) (XLVIII) 
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In this context, the close resemblance of the UV 
spectra of AM-3 and 5,7-dimethoxycoumarin is worth mention-
ing, as it provided a clue to the substitution pattern in 
the coumarin nucleus of AM-J. 6,7-d.imethoxy coumarin 
(aesculetin dimethyl ether; XLIX) has maxima at 255, 292 
itp. 
and 540 nm and AM-3 at 260, 295 and 340 nm. The observa-
tion that in the UV spectra of 6,7-dioxygenated coumarins 
21 the maxima with highest intensity appears beyond 340 nm 
is also significant in this context, as of the three maxima 
observed for AM-3 "the one appearing at 3^0 nm had the 
highest absorbance. On the above evidence AM-3 could 
reasonably be concluded to carry two oxygens at 0-6 and C-7 
of the coumarin moiety. It therefore followed that the two 
singlets in the NMR spectrum should emanate out of the 5 
and 8 protons of the coumarin moiety. The signal at 7*11 in 
this event could be attributed to H-5, and the one at 6.82 
17 
ro H-8 . Structural elements of AM-3 could, hence, be 
expanded to (L). 
O^^O 
(XLIX) (L) 
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It had been concluded that one carbon of the 
aryl moiety is utilised in its linkage with the coumarin 
nucleus and that it carried two hydrogens bearing meta 
relationship. The aryl moiety, hence should carry three 
substituents. AM-3, when treated with ferric chloride 
produced a green colouration, a feature characteristic of 
phenols carrying the catechol type of substitutions. The 
aryl moiety could.therefore be represented by (LI) or (LII); 
R representing the third substituent. The presence of a 
Coumarin 
Coumarin 
(LI) (LII) 
methoxyl group in AM-5 has been established on the basis of 
NMR data discussed earlier. These methoxyl protons resonated 
at 3»81 which was suggestive of the fact that this group 
was aromatic in character. This group, hence, had to be 
accomodated on the aryl moiety. The identity of the third 
substituent having thus been established two possible 
structures J(LIU) and (LIV)^emerged for the aryl moiety. 
6C 
OH 
HO 
H 
OGH, HO Coumarin 
Cx 
Coumarin 
(LIV) 
OCH^ 
(LIII) 
The NMR spectra carried three more signals, which 
wore yet to be assigned; a 1 H doublet at ^.955 a1H multiplet 
at 4.0^ and a 2 H multiplet at 5-5 
Former of these signals appeared at the high end 
of the aromatic region, which could also be taken as the 
low end of the aliphatic region unless the proton respon-
sible vms vinylic, for which no evidence v/as available. As 
the structural elements derived for AM-5 (LIII/LIV + L) 
v/ere incapable of accomodating any further aromatic protons, 
the proton responsible had to be aliphatic. An aliphatic 
proton could be deshielded to this extent only if it v/ere 
subjected to deshielding by more that one atom or group. 
Using similar logic, it could be argued that the 1 H 
multiplet appearing at 4-.04 should also be a deshielded 
aliphatic proton. In this case, however, the magnitude of 
deshielding was considerably less and the chemical shift 
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of this proton approximated to that of an aryloxyraethine 
proton. The 2 H multiplet had a chemical shift which 
tallied with that of the methylene protons of an aliphatic 
primary alcohol. 
The contours and multiplicities of these signals 
revealed further details about their environments. The 
signal appearing at 4.9^ was a doublet and hence v/as 
neighboured by one proton. This should be the one, therefore, 
responsible for the generation of the 1 H signal at 4,0^. 
But this signal appeared as a multiplet and not a doublet. 
The latter proton hence was sandwiched between protons of 
different chemical shifts, one of which has already been 
identified .as the proton responsible for the doublet at 
4.95* Other protons involved in this interaction should 
therefore be the methylene ones appearing at 3»5 as a 
multiplet. 
The above conclusion was verified by decoupling 
experiments (Fig,^). Irradiation at the doublet at 4.95 
made the 1 H multiplet at 4.04 collapse to a multiplet of 
a simpler contour, which had the look of the X-part of 
an ABX system. In the reverse experiment, irradiation 
at 4.04, expectedly, affected both the other signals. The 
doublet at 4.95 collapsed to a singlet and the complex 
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multiplet at 3.5 to an AB quartet (J=10) centered at 3.5. 
Results of these decoupling experiments are tabulated 
(Table - II). 
Table - II 
Irradiated at Effect at 
4.04 
4.95 
3.5 
m •- AB 
N.E 
4 . 0 4 
N.O 
m —t- X 
of ABX 
4.95 
d — • S 
N.O 
N.E = No effect, «N.O = not observed 
These results pointed,explicitly^towards the existence of a 
4 spin-system in AM-35 insulated from rest of the molecule. 
This system could be represented as (LV). Of these, the 
proton designated M should be the one appearing at 4.95 
M 
H 
1 1 
1^" 
d 
X 
-iH 
C j 
m 
(LV) 
AB 
"?5^2 
m 
6 
as a doublet and the most deshielded of the lot. Rest of 
the groups attached to C-1, therefore, had to be of 
deshielding nature and the two functions, on the basis of 
evidence adduced above, had to be the aryl moiety and an 
oxygen leading to the structure (LVI) for AM-5* 
OH 
HO 
H 
^ -o 
(LVI) 
The structure (LVII) for AM-5 followed from (LVI) chemical 
shift of the proton marked X (LV) justifying such an 
environment. That the group attached to the methylene was 
OH 
(LVII) 
a hydroxyl could be concluded both from the IR and NMR data. 
The IR spectrum, from the shape and width of the hydroxyl 
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peak, as has already been discussed, suggested the presence 
of more than one kind of hydroxyls. In the NMR spectrum 
the chemical shift of the methylene protons tallied with 
those expected of a primary alcohol. The non-equivalence 
of the methylene protons, revealed on decoupling, also 
supported this contention. 
The only discordant note in the postulated 
structure was the substitution pattern assumed to be present 
in the aryl moiety. The alternative (LIII) was eliminated 
o'^n biogenetic grounds as well as on the basis of structural 
similarity with moluccanin isolated from the same source. 
The alcohol moiety attached to the coumarin nucleus being 
shikmate derived^ -^  could have been expected to have only 
this pattern of substitution. 
Another factor to be considered was the orientation 
of the attachment of the Gr-G-z alcohol to the coumarin 
6 3 
nucleus. It was not possible to distinguish between the tv^/o 
alternatives. AM-5 hence, could be represented as (LVIII) 
or (LIX). Final confirmation of the structure proposed 
could be had from the high resolution mass spectrum of 
AM-5 in which the molecular ion appeared at $72.0845 
corresponding to the molecular composition C^QH^^OQ. 
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(LVIII) 
HOH2C. 
(LIX) 
All the expected fragment ions were found to be present in 
low resolution mass spectrum (Fig.9) in which the most 
prominent peaks were the ones arising out of the RDA 
cleavage. The substituents on the phenyl group were 
confirmed to be the one postulated, by the appearence of 
frag;.jai£nts at m/z 196 and 153,, .(chart - IV). 
'J-
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/ 
OH 
H3GO OH 
^J^ 
O^^o 
198 
-co 
150 
-CO 
122 
(LVIII) 
QH 
155 
. \ 
140 
,0H 
OCH 3 
(Chart- IV) 
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stereochemistry; 
The relative stereostructure of the tv;o asymmetric 
carbons (C-7' and G-8') could be inferred from the coupling 
constant between the two hydrogens residing on them. It 
was of the order of 9Hz suggesting a trans orientation 
between them. The two substituents on C-7' and C-8' there-
fore should bear a trans relationship to one another. AM-:5 
could, therefore, finally be represented as (LX). 
H^ CO, 
R^/R2=CH20H/ 
OH 
OH 
^ 
(LX) 
AM-5 bore a close structural simlarity to 
moluccanin, had an identical substitution pattern, but 
differed in the identity of one of the substituents, AM-3 
being a mono-demethylated derivative of moluccanin. Hence 
6S 
it is proposed to call it demethylmoluccanin. The plant 
material used in these investigations was collected from 
the campus of the Forest Research Institute, Dehra Dun 
during winter season, in December. In view of the small 
quantity of molucanin and demethylmoluccanin that could be 
isolated from the material originally collected, more of 
it was subsequently collected during summer months in 
April. Surprisingly no molucanin or demethylmoluccanin 
could be isolated from this lot. Such seasonal variations 
in the ocurrence or yield of components open up interesting 
possibilities. It could be likely that these substances 
ho 
are phytoalexms- -^. Alternatively, the enzymes responsible 
for the production of both these substances may be active 
only during limited periods. What,hence,is called for is 
not only a systematic screening of related plants of 
Euphorbiaceae, but also examination of the plant material 
collected during different seasons. 
7C 
Psilotum nudum belongs to Psilotaceae, am ill 
populated family of the Pteridophyta group. The other genera 
v;hich belongs to this family is Trisipteris. Chemical 
investigations have revealed the occurence of biflavanoids 
50 
in this genera , apart from an oi. -pyrone derivative 
.51 
m Psilotum nudum 
Psilotum nudum is a shrub which grows in the 
crevices or under the shadows of rocks on hillocks. It was 
located in the hills of Vindhya, adjoining Bhopal in 
Madhya Pradesh. Its occurrence is that ill frequent that 
it required concentrated effort spread over a couple of 
days to collect 2 kg of the shrub. The plant was identified 
at the Botanical Gardens, Panchmani, M.P., as well as at 
the National Botanical Gardens, Lucknow, 
The shrub was cut into small pieces and exhausted 
with petroleum ether (bO-80 ). The defatted material was 
then repeatedly extracted with hot ethanol. The alcoholic 
extract was concentrated to give a thick syrup and the 
residual alcohol removed from it under vacuum leaving the 
total extract in the form of a thick gum of semi-solid 
character. This concentrate was fractionated into ethyl 
acetate soluble and insoluble portions by refluxing with 
this solvent. Preliminary examination of these two fractions 
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revealed tne ethyl acetate soluble portion to be more 
promising, and, hence, the current investigation was 
confined to that fraction. 
Ethyl acetate was distilled off from this fraction 
and the residue obtained chromatographed on a column of 
silica gel and the column eluted with the usual eluotropic 
series. The crystalline solid afforded by the work up of 
of the benzene eluate was found to be homogeneous on TLC 
examination. It was crystallised from ethyl acetate-raethanol 
to give a colourless solid m.p. 165 • I't was soluble in -"^ 
organic polar solvents but was insoluble in water and non -
polar solvents. While the substance was unaffected by 
aqueous bicarbonate it dissolved in aqueous KOH from which 
it could be regenerated on acidification. The compound, 
termed PN-1, could thus be concluded to be weakly acidic 
or phenolic in character. The substance exhibited strong 
blue flourescence in UV light. 
The UV" spectrum of PN-1 (Fig.10) had tv;o maxima; 
at 230 (log e =4.5) and 529 (log & =5.15). Though no 
definite conclusion could be arrived at on the basis of 
this data alone, the strong possibility of the compound 
being aromatic in character could not be ignored, as 
either of the two bands could be assumed to be 'B' band. 
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Insolubility of PW-1 in non-polar solvents,unfortunately, 
precluded the possibility of determination of the spectra 
in petroleum ether which might have helped in identifying 
52 the 'B' band, if any, by revealing its fine structure"'^ . 
The IR spectra (Fig. 11) was, however, more 
informative, striking features being absorptions corres-
ponding to hydroxyl and carboxyl functions. In the former 
region at least two different functions were decipherable, 
one very strongly hydrogen bonded and the other not so 
strongly. The less strongly bonded one absorbed at 5200 cm 
and the more strongly bonded one over a wide range, between 
3020 and 2500 cm . The broad range over which the latter 
absorption was spread over, its low intensity, and the 
appearance of minor peaks over the range 2700-2300 cm , 
together,suggested that the function responsible for this 
53 band was part of a carboxyl group^-^. 
The other hydroxyl group could be assumed to be 
phenolic in character in view of the appearance of a peak 
1 tt 
.5^ 
at 1170 cm , the region in which he C-0 stretching peak 
of phenols are expected to appear' 
The carbonyl absorption, v/hich from the look of 
it appeared to arise out of only one such function could, 
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as explained above, be attributed to a carboxyl group. In 
this event, based on the frequency at v/hich it absorbed 
i.e. 1700 cm , it was reasonable to conclude that the acid 
was unsaturated. Further support for such an assignment 
could be had from two other regions of the spectrum. In 
the C-0 strectching region, a band of medium intensiry 
-.1 
appearing at 1250 cm could be assumed to arise out of 
this kind of stretching in a carboxyl group-^ -^ . The band 
appearing at 955 cm , could be attributed to out of plane 
55 
-0-H deformation m this group"^ -^ . 
Indications to the effect that PN-1 was either 
aromatic or olefinic in character could also be had from 
the IR spectrum in the appearance of appropriate bands in 
the C-H and C=C strectching regions. In the former the 
fact that all C-H stretching absorption appeared above 
-1 55 
3000 cm testified to this fact-^ -^ . In the latter region 
fairly strong bands appeared at 1620, 1600 and 1570 cm 
Of these, the band of unusually high intensity at 1620 cm 
suggested the presence of an aromatic ring in conjugation 
with an olefinic function '^' ^•^', Cinnamic acid (LXI), for 
instance, has been reported to absorb strongly at 1626 cm 
The other two bands were attributable to normal C=G stretch-
57 
m g vibrations of aromatic systems"^' . The aromatic system. 
7E 
^ v . 
(LXI) 
CH=CH--COOH 
if it were phenyl, was para disubstituted was evident from 
the appearance of a strong band at 815 cm 
The origin of a band of fairly high intensity at 
1450 cm was obscure. Under the circumstances, it could 
arise out of three different functions. This peak could be 
related to the hydroxyl function assumed to be phenolic in 
character, in which case it could be attributed to 0-H 
deformation'' . The same band could also be assumed to 
arise out of in-plane 0-H deformation of the carboxyl group-^ -^ , 
Finally, of course, it could arise out of the C=C skeletal 
57 
stretching of the aromatic system-^ '^ . In all probability, 
all the three functions contribute to ;,this absorption as 
the band appeared unusually broad and fairly intense to 
arise out of any single function of the three postulated 
above. Contribution of the 0-H deformation of the acid 
moiety may be the one contributing the least to this band, 
as cK,fi, -unsaturated acids have occassionally been found not 
11 
55 
to absorb xn this region.-'^ .^ 
The olefinic runction, or one oi' the olefinic 
functions if more than one are present, is trans is suggested 
by a peak of medium intensity at 1000 cm , as such a peak 
can originate from out of plane -C-H bending vibrations of 
/H CO 
^ "t^ a^ns -p=C system-^  . However, a weak peak appearing at 
7^0 cm is enigmatic as it can possibly be attributed to 
S9 C-H bending vibrations of a cis H-C=C-H system-^ '^ . 
From the above discussions it could be concluded 
that the essential structural features of the molecule are 
the parts (LXII) and (LXIII). Experimental verification of 
the conclusions arrived at was sought by the determination 
HO—// \\ CH=CH- and -COOH 
(LXII) (LXIII) 
of the UV spectrum in basic medium. Had the conclusions 
been valid, hyperchroraic and bathochromic shifts of the 
maxima observed in the UV spectrum of PN-1 (Fig.10) could 
have been expected . The UV spectrum of PN-1 was thus 
determ.ined in MeOH/NaOMe (Fig.12). The two maxima appeared 
at 2^7 (log £ =^.7) and 557 (log G =5.17); both of them 
^7/7 
. •> 
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7S 
exhibiting the anticipated hyperchromic and bathochromic 
shifts, corapatibile with the above formulations. 
The NMR spectrum (Fig.lJ, table III) was determined 
on a Joel (FX) instrument at 90 M/c. in the F.T. mode. DJD 
exchange (Fig.14) was also carried out on the compound. 
The most striking feature revealed by this set of experiments 
was the disappearance of two peaks at 12.165 and 9*804 
accompanied by the partial deformation of a peak at 5.76 
on DpO shake. The integral showed that altogether two 
protons were exchanged. The manner in which signals arising 
out of two protons appeared at these different locations 
was understandable if the ability of DMSO to from hydrogen 
bonds with the solute were taken into consideration 
Support for the partial formulation of PN-1 arrived at 
(LXII and LXIII) could be had by the appearance of an ApBp 
pair of doublets at 6.78 and 7»$5 (J=8,35). The former 
doublet should arise out of 2 protons ortho to the hydroxyl 
and the latter from the 2 protons situated at the meta 
positions. The NMR spectrum of PN-1, was characteristic in 
that, that all the signals appeared fairly downfield, 
indicative of the fact that all the protons were deshielded 
and hence, in all probability attached directly to aromatic 
or olefinic carbons. In the absence of any aliphatic 
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Table - III 
FREQ (HZ) 
1089.84 
878.46 
717.18 
705.76 
701.36 
689.94 
683.78 
665.13 
654.78 
622.26 
618.31 
612.15 
606.44 
603.80 
595.89 
505.81 
494.82 
357.27 
310.25 
284.76 
226.31 
224.56 
222.80 
178.41 
0.00 
PPM 
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7.827 
7.700 
7.651 
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6.944 
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6.768 
6.758 
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5.645 
5.522 
3.987 
3.462 
3.178 
2.525 
2.506 
2.486 
1.991 
0.000 
INT % 
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2965 
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hydrogens in the molecule ±v could also be assumed that the 
carboxyl group was attached to an olefinic carbon, Justifying 
the conclusion arrived at on the basis of IR spectrum. 
Apart from the protons already delineated, viz: 
the two protons exchangable with DpO and four aromatic ones, 
the spectrum revealed the presence of four more protons in 
PN-1. In carbonyl systems carrying extended conjugation it 
has been observed that the most shielded is the o<.-proton. 
For instance, in the oc-pyrone (LXIV) the oc-proton has been 
reported to appear at 6.53 and the jS and Y protons at 7-52 
and y*^ '! respectively . In an analogous non-cyclic system 
(LXIV) 
i.e. ethyl sorbate (LXV) -^  a similar situation has been 
found to prevail, the oC , yS , V and 5 protons having 
CIU-CH=CH-CH=CH-C-0-G^Hc 
0 
(LX¥) 
been reported to resonate at 5.65, 7«2, 6.1 and 6.1 
84 
respectively. In the two diverse examples cited above ,(LXIV) 
and (LXV),there is agreement on the fact that it is the 
oL -proton which appears at the highest field. This infor-
mation could, hence, be extrapolated to PN-1, and under 
these circumstances it was obligatory to assume that the 
signal appearing at the highest field in the spectrum of 
PN-1 emanated from the c< -proton. In this instance, not 
only did the chemical shift (5«58) agree with such an 
assignment, but also the multiplicity of the signal. This 
signal appeared as a doublet, indicating that this proton 
was neighboured by only one proton, as could be imagined 
the case would be v/ith the c<-proton of an o(,y3-unsaturated 
carbonyl compound. 
The location of a proton c< to the carboxyl group, 
the extremely strong likelihood that this molecule carried 
extended conjugation, and the observation that the total 
number of deshielded protons amounted to eight led to the 
expansion of the structural elements in PN-1 to (LXVI), 
HO 
0\ 
CH=CH-CH=CH-COOH 
(LXVI) 
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The postulated structure (LXVI) could not only 
explain all the features of the IR and UV spectra discussed 
at ante, but was also in agreement with the NMR spectrum 
with respect to the total number of protons required to 
be present, viz: ten. What was of particular interest and 
significance with respect to the UV spectrum of PN-1 was 
the co-relation of the UV data of the cinnamic acid, 
substituted cinnamic acids and their vinylogues. It has 
been observed that with the introduction of each double 
64 bond the principal maxima increases by about 25 nm , The 
principal maxima of methyl (0-methyl) coumarate (LXVII) 
64 
appears at 508 , Methylation of phenols or esterification 
COOGH^ 
(LXVII) 
of acids do not materially alter the maxima of the substances 
unless these functions are involved in chelation. In this 
particular instance, if (LXVII) were used as base for the 
calculation of the principal maxima of its vinylogue, the 
maxima could have been expected to appear at 308 + 25=355 nm. 
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This calculated value agreed well with the observed value 
of ^23 nm. The UV spectrum ol" PN-1 , and the base induced 
shift of the maxima therein, were, therefore, in total 
support of the structure assigned to it (LXVI). In an 
c<.,p -unsaturated carbonyl system (LXVIII) electron depletion 
R - CH = CH - C - R' 
II 
0 
(LXVIII) 
at the ^ -carbon makes the ^-proton appear downfield and the 
CTC -proton relatively upfield. If one were to develop a 
model of an t< jB , iS unsaturated carbonyl compound (LXlX) 
starting from an ocs-unsaturated system it would have been 
R - CH = CH - CH = CH - C - R' 
/( 
0 
(MIX) 
natural to predict that the S proton would be the most 
deshielded. Hov/ever, the system is more complex than pictured 
87 
above^ as stereochemical aspects also have to be taken into 
account. Furthermore^with particular reference to PN-1 the 
model developed (LXIX) lacked relevance as the electron 
donating/withdrawing characteristics of the phenyl ring 
attached to the S carbon had not been taken into conside-
ration. More appropriate examples, hence, had to be located 
in order to aid the interpretation of the M R spectrum of 
i'N-1. 
65 Studies on similar compounds by Jackman -^  and 
Wiley ^ came in handy in this connection, though the 
majority of the compounds investigated carried methyl groups 
on the /3-carbon. Important and interesting points that 
emerged from the above papers are that (a) the oC-proton 
appears uniformly upfield and the in 2-trans isomers the 
oC -H is deshielded whereas in 2-cis isomers it is shielded 
owing to the spatial relationship between the A and the 
concerned proton , (b) the chemical shift of the methyl 
group on the (9-carbon and the Y-hydrogen are pronouncedly 
dependent upon the stereochemistry of the molecule -^"' and 
(c) that the Y and 6 protons in the trans - trans isomers 
are nearly equivalent and no coupling occurs between them. 
Above points are best explained by using appropriate 
examples to illustrate the stereochemical nuances. 
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The table IV depicts the chemical shifts of the concerned 
protons. 
COOH 
21 cis-4,trans 
COOH 
2,tranG-4,trans 
(LXX) (LXXI) 
N^ 
CH. 
:) 
COOH 
2,tran,s-4,cis 
\\^COOH 
2,cis-4,cis 
(LXXII) 
Table - IV 
(LXXIII) 
o<.-H 
LXX 
LXXI 
LXXII 
LXXIII 
5.70 
.5.80 
5.77 
5.70 
-^r^y V-H S-H 
2.0 
2.53 
2.12 
1-75 
8.4-2 
6.68 
6.01 
6.93 
6.87 
6.68 
6.4-3 
6.4-3 
8S 
From the table IV it can be easily made out that 
in the 2 trans - 4,trans isomer (LXXI) the V and S protons 
are equivalent. But what is more signil'icant is the 
deshielding eifect exerted by the carbonyl group on the 
groups/atoms situated cis to the carboxyl group on the 
^ and Y-carbons. In (LXXI) and (LXXII) the methyl groups 
situated cis to the -COOH group are deshielded with the 
result that they resonate at 2.33 arid 2.12 respectively, 
whereas in the isomers in which this effect does not operate; 
(LXX and LXXIII), these groups appear at higher fields; at 
2.0 and 1.73 respectively. Similarly, it can be observed 
that in the stereo structures in which the carboxyl group 
and the Y -hydrogen are cis to one another, viz: (LXX) and 
(LXXIII) these protons are affected to such an extent that 
these protons are the most deshielded in these molecules. 
The NRR spectrum of PN-1 could be interpreted on 
the basis of the above observations. As has already been 
stated the oC-proton appeared at 5»58 as a doublet (J=11 Hz), 
Another signal v^ h^ich stood out prominently in the spectrum 
was the one which appeared most downfield, at 7»85, cis a pair 
of doublets (J=15.82 Hz and J^= 11.42 Hz). It was clear, 
from the value of the coupling constants, that there was 
no interaction involved between the proton responsible 
90 
for this signal and. the oC-proton. This signal, hence, 
had perforce to be assumed to emanate out of the Y-proton. 
The two signals'discussed above appeared at the 
lowest and highest ends of the spectrum, away from the main 
group of signals situated between io.65 and '^.>\^ and rest of 
the signals had to be ferreted out from this group. The 
ApBp pair of doublets mentioned earlier also v;ere part of 
this group of signals. A doublet centered at 6. 85 (J=15«82), 
could be discerned in the spectrum; which could straightav/ay 
be assigned to the 5-H. The high field limb of this 
doublet merged with the low field one of the ApBp doublet 
centered at 8.:55 (peak no 12). The last signal that had 
to be located was the one arising out of the ^  hydrogen 
which was split by the o<. and Y hydrogens with coupling 
constants of 11 and 11.^2 respectively. Had the resolution 
of the spectrum been good, ideally a pair of doublets would 
have been expected to appear, but in view of the close 
proximity of the 2 inner peaks, for all practical purposes 
the set of signals would have nad a triplet like look. Three 
such peaks could be detected in the spectrum; peak nos. 
11,13 and 15. Because of the unsymmetrical nature of the 
middle peak the distance between it and the terminal ones 
measured as 11.87 Hz (11—^15) and 10.55 Hz (15—^15). 
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However, this confusion was settled by measuring the distance 
betv;een the two outer peaks (11—••15) of the triplet like 
set of signals. This value amounted to 22.-^1-2 Hz, leaving 
no doubt, whatsoever, about the fact that these set of 
signals arose from the 6 -proton centered at 6.77- The 
splitting diagram shown below elaborates the above explana-
tion. This confusion might as well have been ^ caused by the 
6.77 
11.4-2 Hz 
^— 
11 Hz 
4 to 
4 
2 2 . 
4-
4r 
11.^ 1-2 Hz 
11 Hz 
4 . . . . .... 1^  
Hz ^' 
presence of water, or part of the phenolic or carboxyl 
proton, resonating at 6.75. In the DpO exchanged spectrum 
92 
(Pig. 14) the amplitude of this signal was considerably-
reduced and the broad middle peak (peak no 1:5) had taken 
on the contour ol' a doublet.-
Assignm-ents of the signals made on the basis of 
above discussion can be summarised as follows (Table V). 
CH=CH-CH=CH-COOH 
Table - V 
Proton Chemical shift multiplicity coupling constant 
d J = 11 
d d 
d d 
d 
d 
d 
&C 
(5 
Y 
S 
h 
\ 
5.58 
6.77 
7.85 
6.86 
6.78 
7.55 
J ,= 
J2= 
J l = 
'2= 
J = 
J = 
J = 
11 
11.42 
11.42 
15.82 
15.82 
8.35 
8.35 
9 
The assignments made above were not only in total 
agreement v;ith those made for compounds of similar nature, but 
also were helpful in arriving at the stereochemistry of PN-1. 
The value by v/hich the . cK. and ^-protons split one 
another, 11 Hz,pointed towards a cis relationship between the 
two protons, and the sequitor was the C„—Cy and the C.-COOH 
bonds v/ere cis. This argument was further validated by the 
fact it v/as "i;he Y and not bhe A-proton ttiat v/as trie most 
deshielded in the molecule. For such a situation to develop, 
the V-hydrogen had to be in the deshielding zone of the 
carboxyl group, v/hich in turn could have happened only if 
the Ga—Gy and G.— COOH bands were cis. The C^—C^ double 
bond could be concluded to be trans as the Y-H split the 
S-E by a value of 15.82 Hz. The stereochemistry that emerged 
2 4 
for PN-1 thus showed A to be cis and A to be trans as 
depicted (LXXIV). 
(LXXIV) 
The above conclusions derived added support from the 
70 data reported for isomeric piperic acids by R.Grewe et al . 
§4 
2 
Of the various isomers syiithesised. and examined, the A cis 
/^•^  trans isomer (LXXV) absorbed in the UV at 329 nm ('4-.34), 
COOH 
(LXXV) 
while PN-1 absorbed at 329 nm (5.13). The A^ trans, l^ cis 
isomer also absorbed at a similar value; 333 nm, but with 
considerably lesser amplitude (log B = 4,2). The NMR values 
also tallied appreciably with those of PN-1 (Table VI), in 
spite of the fact that the spectrum of piperic acid was 
determined in DpO. 
Table VI 
Protons PN-1 (LXXIV) Piperic acid (LXXV) 
oC 
^ 
Y 
6 
5.58 d J = 11 
6.77 d d J^ = 11.00 
J2 = 11.42 
7.85 d d J^ = 11.42 
J2 = 15.82 
6.86 JL J = 15.82 
5.88 d J = 11 
6.48 t J = 11 
7.75 d d J^. = 11 
J2 = ^^ 
6.45 d J = 16 
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Though the structure proposed for PN-I was beyond 
reproach, the fact that it was based purely on physical 
data made a search for alternate support a necessary pre-
caution. 
Paucity of the material precluded the possibility 
of chemical manipulation and an alternative approach possible 
was derivatisation and obtention of more physical data in 
support of the postulated structure. PN-1 was, hence, 
converted into its acetate by treatment with acetic anhydride 
and pyridine in the cold. The product was crystallised from 
methanol to give colourless crystals,mp. 185.In 'the UV it 
absorbed at 237 and 325 nra (Fig.15). 
The NMR spectrum (Fig.16) of the acetate had a 
signal corresponding to an aromatic acetate (3H) at 2.2. 
Rest of the signals, as in the spectrum of PN-1, appeared 
downfield. Out of these, the most shielded one appeared at 
5.86 as a doublet (J=1^ Hz). This by analogy, could be 
attributed to the c< -proton. An ApBp system was also 
appar&nt in the spectrum, the low field pair appearing at 
6.85 (J=8 Hz) and the high field one at 7.43 (J=8 Hz). 
Acetylation had, expectedly, resulted in the deshielding 
of these signals in relation to those of PN-1, of., 6.78 
CJ=8.35 Hz) and 7-35 (J=8.35 Hz). 
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Rest of the signals in the spectrum of the 
acetate differed significantly from those in that of PN-1. 
V/hereas the spectrum of PN-1 could be interpreted employing 
first order parameters, that of the acetate was not amenable 
to such ;ain interpretation. Apart from the signals of the 
£><-proton and the ApBp protons which could be assigned with 
certainty, the signals emanating from the B , Y and S 
protons should have given rise in total, toll) lines; the p 
and Y-hydrogens giving rise ^ to quartets and 6 hydrogen to 
a doublet. Against these 10 lines, only 3 distinct peaks 
were visible in the spectrum, overlooking the possible 
overlap v;ith signals assigned to the ApBp protons. Hov;ever, 
the integral clearly established that the total number of 
protons represented in the region downfield to 5»86 was 8; 
4- ApBp protons, and the oC , ^ , Y and 6 protons of the 
side chain. 
The complexity introduced into the spectrum of 
the acetate could be attributed to acetylation and the 
consequent annihilation of the electron donating capacity 
of the phenolic hydroxyl. The acetate function, on the 
other band, would have introduced a certain amount of 
electron attracting character. This might have resulted in 
the chemical shift of some of the protons coming closer, 
9S 
giving rise .to second order effects. 
The mass spectrum of PN-1 (Fig.l?) provided 
unequivocal support for the postulated structure (LXXIV). 
The molecular ion peak appeared at m/z 190 corresponding 
CO the molecular composition C^^H^^O^. Loss of -COOH'from 
the molecular ion was evident from the appearance of a 
peak at m/z 14-5. This loss could be rationalised by invoking 
either the path (a) or (b) pictured in the chart (IV) .Loss 
of a H from the above ion gave rise to the neutral molecule 
of/3 -naphthol, corresponding to the molecular composition 
C^QHOO; m/z = 144. Loss of carbon monoxide from the phenol 
gave a peak at m/z 116 and loss of CHO, a peak at 115 • 
Peaks neighbouring and differing from those discussed above 
by one or two a.m.u. could be assumed to involve cleavages 
in which steps in the sequence projected in the (chart-;.V) 
are juxtaposed. 
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Biogenesis: 
Such acids and their derivatives are reported 
71 72 
to be of mixed origin' '' .It has been assumed that an 
acid derived from shikraic acid and bearing its typical 
hydroxylic substitution pattern e.g., substituted benzoic 
or cinnamic acid can condense further with malonates. Thus 
in this case,if the acid involved were p-hydroxybenzoic 
acid (LXXVI) it v/ould have condensed with two units of 
V 
malonate (LXXII) to give PN-1. On the other hand if the 
process were initiated by £-coumaric acid (LXXVIII) the 
COOH 
+ 2 CIU-C-S-CoA 
II 
COOH 0 
COOH 
(LXXVI) (LXXVII) 
formation of PN-1 would have required condensation with 
only one unit of malonic acid. 
COOH O 
+ CH2-C-S-C0A j 
GOGH (LXXVII) COOH 
(LXXVIII) 
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It is interesting to note that the origin of the 
glycoside Psilotin (LXXIX) a component isolated from the 
same source has been assumed to involve a condensation 
(LXXIX) 
through a quinone methide intermediate. This surmise, however, 
u 
appears to be unsbtantiated and devoid of any foundation, 
and in all probability psilotin could be assumed to have 
been originated through the steps out lined above. Some 
substances of related origin are cortisalin (LXXX), paracatoin 
(LXXXI) methoxy paracatoin (LXXXII), kawain (LXXXIII) 
methysticin (LXXXIV) yangonin (LXXXV), and quite interestingly 
the alkaloid anabine (LXXXVI). 
(CH=CH)^-COOH 
(LXXX) 
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OCH-
R 
(LXXXI); R=H (LXXXIII); R=n 
(LXXXII); R= -OGH- (LXXXIV); R,R= -O-CH2-O-
OCII-
0. .OCH^ 
(LXXXV) (LXXXVI) 
Psilotin (LXXIX) isolated from Psilotum nudum 
carries an oxygen on the 5-carbon v;hich is involved in 
the cyclisation of the side chain into an o<-pyrone system. 
If this oxygen could be considered a marker, it could be 
assumed that it is benzoic and not cinnamic acid that is 
l oe 
the precursor in this case. On chemotaxonomic grounds, it 
could, therefore, be argued that the condensation in case 
of PN-1 too is initiated by p-hydroxybenzoic acid and not 
p-coumaric acid. liad p-cournaric acid been the precursor, 
formation of psilotin should have involved an additional 
step; oxygenation of the 6-carbon. The biogenesis of 
PN-1 could, therefore, be assumed to involve ohe sequence 
as shown below (chart Vi) 
COOH 
CH^-C-S-CoA 
0 • 
COOH 
0 0 
S-CoA 
COOH 
COOH 
(Chart VD 
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The observation tnat such compounds probably originate 
from the corresponding benzoic acid'-^  is relevant in this 
connection. 
Compounds of this nature have been found to be 
of biological importance, as they have been credited v;ith 
74 growth regulating characteristics' , PN-1 v/ould therefore 
appear to bear examination in this direction. 
From the medicinal point of view, amides of 
acids of parallel structures have been found to show 
75 
significant anti-epileptic activity . Pharmacological 
examination of PN-1 is also, therefore, called for. 
It appears surprising tha.t v/hile-compounds of 
similar origin of more elaborate structures have been 
reported, what apparently appears to be the simplest has 
not been reported so far. The only assumption that can 
explain this strange phenomenon is that in plants having 
an elaborate enzyme net work the biogenetic transformation 
do not culminate here, but the process continues to give 
compounds of more intricate structures and its only in a 
primitive order like Psilotaceae, that such simple 
compounds are the resultant products. 
lOS 
An acid, of similar structure has been reported 
to be synthesised , but our physical data do not agree 
with that reported for the synthetic product. The difference 
between the two might be stereochemical, as the synthetic 
product has been reported to have an all trans stereochemistry, 
lOS 
Quassinoids is one of the several class of 
natural products whose investigation is being pursued vigo-
rously. Impetus for the continued interest can be traced to 
the anti-cancer activity attributed to several members of 
this group of compounds. Most promising of such compounds 
investigated so far is bruceantin (LXXAVII) which has been 
placed on clinical trial by the U.S.National Cancer Institute, 
Quassinoids, till now have been.found to be confined, to the 
family,Simaroubaceae, 
HQ 
OH 
COOCH, 
(LXXXVII) 
Inspite of the fact that several members of this 
family occur in India they have not received the attention 
they deserve, the few attempts at the investigation of 
their quassinoid content having been confined to these 
laboratories' ' ^, Interestingly, alkaloids have also been 
isolated from this family' , 
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The above facts attracted our attention to 
Ailanthus f^ randis, small quantity of whose bark we could 
secure from the campus of the Forest Research Institute, 
Dehra Dun. Earlier work on this plant has resulted in the 
isolation of 5-tiglyloxychaparinone and 5-tiglyloxychaparin. 
The bark was extracted successively with petroleum ether 
(60-80 ) and methanol. Chromatography of the petrol extract 
yielded two components, m.p. 125 and m.p. 155-56 , whereas 
similar treatment of the methanol extract yielded three 
components m.p. 159-40°, m.p. 165*^  and m.p. 275-76*^. 
The substance m.p. 125 had two maxima, at 250 
and 285 nm, in the UV and a sharp band at I7IO cm in the 
IR. Its NMR spectra carried only two singlets; at 3»92 and 
8.05, former of which should have originated from methoxyl 
and the latter from aryl protons. Intensities of these peaks 
bore the ratio of 5^2. Absorption in the carbonyl region in 
the IR taken together with the methoxyl resonance in the 
IR sug;^ ested ..the substance to be a methyl ester. In the 
mass spectrum the molecular ion peak appeared at m/z 19^ 
corresponding to the molecular composition of C^QH^^O^. 
This substance was saponified to give an acid m.p. 3OO . 
Above data suggested this conipound to be the dimethyl ester 
of terephthalic acid (LXXXVIII)^^. 
Ill 
GOOCH. 
COOCH-
(LXXXVIII) 
o The substance m.p. 153-55 , gave a positive 
Liebermann Burchard test and in the IR absorbed in the 
hydroxyl region (5^00 cm ). From the NMR spectrum in which 
the prominent peaks were confined to the C-methyl region 
0.70 (3H), 0.80 (3H), 0.85 (3H), 0.90 (6H) and 1.65 (3H), 
it appeared to be a steroid. Further, in the mass spectrum 
the molecular ion peak appeared at m/z 414 (CpgHc-QO) and 
fragment ion peaks at 396, 381,330,304,275,255,214 and 213-
Its identification as stigmast -22-ene-5-ol (LXXXIX) 
81 
followed the formation of an acetate m.p, 125 
(LXXXIX) 
112 
Out of the products isolated from the methanol 
extract, the substance m.p. '^j)^-^•0 , because of its positive 
response to alkaloidal reagents, viz- Dragendorff's and 
Meyers reagents, could be assumed to be an alkaloid. The 
fact that it dissolved in aqueous acid and could be 
regenerated on acidification provided further support to 
this surmise. Examination of this substance, however, could 
not be continued as the quantity of the substance available 
was very small. 
The substance m.p. 163 , on the basis of evidence 
similar to noted above, could be concluded to be an alkaloid. 
In the IR it absorbed at 1675, 1636, 1600, I3IO and 1140 cm'^ 
and in the U.V. at 260, 270 and 300 nm. In the NMR spectrum 
signals corresponding to 8 deshielded protons were apparent 
at 6.9 and 7-95 (1H each, d, J = 10 Hz); 7.^5, 7-65, 7.97 
and 8.54 (1H each, m,) and 8.3O and 8.53 (1H each d, J = 8Hz), 
The molecular ion, in the mass spectra appeared at m/z 220 
(C^^HoONp)jand prominent fragment ions at 192, 166 and 149. 
The above data led to the identification of this substance 
op 
as canthin -6-one (XC). 
(XG) 
1 1 3 
Last of the substances isolated, m.p. 275-76 
absorbed strongly in the hydroxyl region (^-^1-50 cm ) in the 
IR and dissolved v/ith difficultly in alcohol. It was, hance, 
acetylated to give an acetate, m.p. 124-25°G. The NMR 
spectrum showed it to be a tetra acetate, (1.98, 2.0, 2.01 
and 2.05; 5H each). A signal corresponding to one proton 
at 4.85 (d, J = 8 Hz) suggested this compound to be a 
glycoside. It was, hence, hydrolysed by refluxing in 
acetic acid containing HCl. The aglycone obtained was 
identified as ^-sitosterol and the sugar moiety as glucose. 
This substance was hence identified as the glycoside of 
|3-sitosterol^^ (XCI). 
(XGI) 
E X P E R I M E N T A L 
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Aleuritea molucca^Ta; 
Stem ships (4 kg) of Aleurites moluccana (Euphor-
biaceae) collected from the campus of the Forest Kesearch 
Institute, Dehra Dun, was cut inuo small piece and defatted 
by refluxing with petroleum ether (50-80^) four times. The 
plant material was :then spread out and dried'free of solvent 
and extracted v;ith ethanol repeatedly by refluxing witn 
solvent. The extracts were combined and concentrated- by 
distillation. TLC examination of the concentrated alcoholic 
extract revealed it to be mixture, and, hence, it v/as 
subjected.to purification by chromatography on a column of 
silica gel. 
Chromatography of the alcoholic extract: 
The concentrated alcoholic extract was absorbed 
on silica gel and the slurry dried by spreading it out. The 
pov/der so obtained was deposited on a column of silica gel 
and the column eluted with benzene containing increasing 
quantity of ethyl acetate. Fractions of 200 ml each were 
collected, all the fractions being continuously monitored 
by TLC. Appropriate fractions were combined for further 
processing. 
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Fraction 
1-2 
3-7 
8-9 
10-15 
No, 
Moluccanin: 
Eluant 
Benzene 
Ethyl acetate 
benzene (1:4) 
- do -
Ethyl acetate: 
benzene (3:7) 
Isolate 
blank 
moluccanin 
blank 
demethyl-
moluccanin 
Fractions numbers 3-7? eluted v^/ith ethyl acetate: 
benzene (1:4), when examined by TLC (silica gel; MeOH:CHCl;,: : 
5:95; visualised by blue flourescence in UV light) were 
found to contain the same component. These fractions v/ere 
combined and the solvent distilled off. The residue obtained 
as a solid was crystallised from methanol to give crystals 
m.p. 220°C. 
U.V. (MeOH); 260, 295 and 340 nm. 
I.R. (Nuaol) 5520, 1710 cm"'^ . 
NMR. (DMSO-dg) 3.5 (2H,rn H-9') 5.85 (6H, s 2X0Me), 4.35 
(1H, m H-8') 5.11 (1H, d, J-8; H-7'), 6.3,6 (1H, d, J-9 Hz, 
H-3) 6.83 (2H, s, H2' and H8') 7-04 (1H, s, H-8), 7.34 
(1H, s, H-5), 7.99 (1H, d, J=9 Hz, H-4). 
M.S. (high resolution) m/z 386.0997, (M"*") calculated for 
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CpQlI^ yOg = 386.10017 M.S. (low resolution) m/z 386 (M"^), 
210, 192, 182, 178, 1D7, 15^, 150 and 122. 
Acetylation of moluccanin.: 
Moluccanin v/as dissolved in minimum volume of 
pyridine to which was added an equal volume of freshly 
distilled acetic anhydride. This solution was kept over-
nijijht and then heated on a v/ater bath for half fin hour. 
The solution v/as then cooled and the substance precipitated 
by pouring the solution on crushed ice. The solid was 
isolated by filtration, washed free of pyridine ana dried. 
The powder obtained was crystallised from methanol to 
to ive shining needles m.p. 210 C. 
NHR. (CDC1-) 2.03 (5H, s, OAc), 2.28 (3H, s, OAc), 3-8 
(bl-I, s, 2X0Me), 4.2 (3H, m, 2X1 H-8'and H-9'), 4.9 (1H, d, 
H-7'), 6.3 (1H, d, 3-H), 6.6 (2H, s, H-2' and H-5'), 6.9 
(1H, s, H-8), 7.1 (1H, s, H-:P), 1.^ (1H, d, H-4). 
Demethylmoluccanin: 
Fraction numbers IO-I5, eluted by ethyl acetate: 
benzene (3:7) during the chromatography of the alcoholic 
extract of the plant when examined by TLC (silica gel; 
MeOHtCHCly:: !?:95; visualised in UV light) were found to 
be composed of the same component. These fractions were, 
Vi7 
hence, combined and processed. The solid obtained on 
evaporation was crystallised from methanol:acetone to 
give a crystalline solid m.p. 205 C 
U.V. (MeOH) 260, 295 and 3^ 0 nm. 
I.R. (Nujol) 3100-3^^00, and 1685 cm"'^ . 
KHR. (CDGl-,+ DMSO-dg), 3-5 (2H, m, H-9'), 3-81 (3H, s, OMe), 
+^.04 (1H, m, n-8'), 4.95 (1H, d, J-H-?'), 6.2 (1H, d, J=9Hz, 
n-3), 6.51 (1H, d, J-2HZ, H-6'/H-2'), 6.56 (1H, d, J=2Hz, 
H-2'/H-6'), 6.82 (1H, s, H-8), 7-11 (1H, s, H-5), 7-72 (1H, 
d, J=9Hz, H-4). 
I'l.S. (high resolution) m/z 372.084-3, (M"^ ) calculated for 
C^gH^gOQ, 372.08452. 
I'LS. (low resolution) 372 (M"^), 196, 178,. 166, 153, 150, 
122 and 110. 
l is 
Psilotum nudum; 
Whole shrub of Psilotum nudum (1 kg.) was cut 
into small pieces and exhausted v/ith petroleum ether 
(50-80 ). The defatted material v/as then extracted with 
hot ethanol thrice. The extracts obtained v/ere combined 
and the solvent removed at reduced pressure. This gummy 
concentrate was then refluxed with ethyl acetate. The 
portion soluble in ethyl acetate was chromatographed on a 
column of silica gel and the column eluted with benzene: 
ethyl acetate (70:30). B'ractions collected were monitored 
by TLG (silica gel, benzene:ethyl acetate; 50:40, visualised 
v;ith iodine) and appropriate fractions combined. 
PN-1: 
Fraction numbers 1-8, eluted with benzene:ethyl 
acetate (70:50), gave an yellow solid which was crystallised 
from methanol:ethyl acetate, m.p. 155 • 
U.V. (MeOil); 250 (4.5), 529 (5.l5) nm. 
U.'/ . (Me0Il/Na0Me);247 ( ^ . 7 ) , 357 ( 5 . 1 7 ) -
I . R . (KBr)o 5200, 5020-2500, 1700, I I 7 0 , 1520, 1600, 1570, 
1450, 955, 815 and 730 c m " \ 
N.M.R. (DMSO-dg); 5-58 (1H, d, J=11 Hz), 5 .77 (1H, dd, J^=11 • 
& J2=11»42 Hz), 6 .78 (2H, d, J=8.35 Hz), 6 .86 (1H,d, J=15-82Hz: 
1I§ 
7.55 (2H, d, J=8.55) 7.85 (1H, dd, J^=11.42, J2=15.82 Hz). 
Acetylation of PN-I; 
PN-1 (5 mg.) was dissolved in the minimum quantity 
of dry pyridine and an equal volume of acetic anhydride 
added to it. The mixture was kept at room temperature 
overnight and heated on a waterbat'h for 1 hr. before work up. 
The product obtained was crystallised from methanol m.p. 185 
U.V. (MeOH); 257, 325 nm. 
N.M.R. (CDCl,); 2.2 (3H, s, acetate), 5.86 (1H, d, J=14Hz), 
6.85 (2H, J=8 Hz), 7.03 (2H, d, J=8 Hz). 
12C 
Ailanthus grandis: 
Air dried bark of Ailanthus grandis (1 kg) was 
extracted thrice by refluxing with petroleum ether (50-80 ), 
Extracts thus obtained were combined and the solvent 
distilled off at reduced pressure. The concentrate was 
then chromatographed on a column of silica gel. The column 
was eluted v;ith benzene, benzene:ethyl acetate and ethyl 
acetate, fractions collected monitored by TLC (silica gel, 
benzene:ethyl acetate; 95-5; visualised in iodine chamber), 
and appropriate fractions combined. 
The defatted material v/as extracted similarly 
with methanol, concentrated and the extract chromatographed 
as above. 
Dimethyl terephthalate (Corapound-1): 
V/ork up of fraction nos. 2-B, eluted with benzene, 
gave a solid which was crystallised from petroleum ether: 
chloroform, m.p. 125°. 
U.V. (MeOH); 250 and 285 nm. 
I.R. (Nujol); 1710 cm~^. 
N.H.R. (CCl^), 3.92 (6H, s,) and 8.05 (^ Mi, s). 
M.S. m/z 19^ (M"^ ) 180, I75, 166. 
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Saponil'ication of dimethyl terephthal^xte: 
The ester (100 ing) v;as dissolved in alcoholic 
KOH (i? ml, 1N) and kept at room temperature for 5 hours, 
and the reaction mixture worked up in the usual manner. 
The product crystallised from chloroform and petrol to give 
a solid m.p. :500 C. 
Stip;mast - 22 - ene - 3(3- °1 (Compound - II) 
Fraction nos. 10-15 eluted v/ith benzene: ethyl 
acetate (85:15) which were found to contain the same component 
were processed together and the solid obtained crystallised 
from chloroform:methanol, m.p. 16:^ -165 . It gave a positive 
Lieberman Burchard Test. 
I.R. (Nujol); 3^00 nm"""^ . 
K.M.R. (CDClj); O.7O (3H, s), 0.80 (5H, s), 0.85 (5H, s), 
0.90 (6H, s) and 1.65 (3H, s). 
M.S. m/z 414 (M"*"), 596, 381, 350, 304, 273, 255, 214 and 213.-
Acetylation of Stigmast - 22 - ene - 3 - ol« 
Stigmast -22.- ene - 3 - ol (50 fng) was dissolved 
in pyridine (2 ml), acetic anhydride (2 ml) added to it 
the solution, kept at room temperature overnight. The reaction 
mixture was v/orked up in the usual manner. The solid so 
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obtained was crystallised from methanol, m.p. 125°. 
Compound III; 
Work up of fraction numbers 5-10 obtained on 
chromatography of the methanol extract, eluted with benzene 
ethyl acetate (80-20), gave a solid which was crystallised 
from acetone: petrol, m.p, 139-1^ 1-0 . It gave positive 
Dragendorff and Mayer's tests, suggesting it to be an 
alkaloid. 
I.R. (Nujol) 3320, 1610 and 1^ -90 cm"^ 
Canthin - 6 - one (Compound IV): 
Fraction nos. 12-l5v eluted v/ith benzene: ethyl 
acetate (70-30), afforded a yellowish brown solid, which 
v/as crystallised from methanol:acetone, m.p. 163 . 
U.V. (MeOH); 260, 270, 300 cm"''. 
I.R. (Nujol); 1675, 1636, 1600, I3IO and 1140 cm""''. 
N.M.R. (DFlSO-dg); 7-9 and 7.95 (1H each, d, J=10 Hz), 7-^5, 
7.65, 7.97 and y.5^ (1H each, m), 8.3O and 8.33 (1H, each, 
d, J=8 Hz). 
M.S. m/z 220 (M"^), 192, 166, 149. 
/3 -Sitosterol - glucoside (Compound V) : 
Fraction nos. 20-25, eluted with ethyl acetate 
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yielded a v/hite solid. It v;as crystallised from methanol: 
ethyl acetate, m.p. 275-80°. 
l.R. (Nujol); 3^50 cm"''. 
Acetylation of ^ -Sitosterol p;lucoside: 
50 mg of the compound was dissolved in 1 ml 
pyridine and two drops of acetic anhydride added. The 
mixture was kept at room temperature, overnight and .then 
heated on a waterbath for an hour. V/ork up in the usual 
manner yielded the acetate which was crystallised from 
methanol m.p. 124-125°. 
N.ri.R. (CDCl.); 1.98 (5H, s,), 2.0 (^ H, s), 2.01 (3H, s), 
2.05 (^ H, s) and 4.58 (1H, d, J=8 Hz). 
Hydrosysis of (g -sitosterol ^lucoside: 
100 mg of the compound was refluxed in HCl (2 ml) 
and acetic acid (1 ml) for two hours. The solid was filtered 
vjashed with water and solid obtained crystallized from 
methanol, m.p. l59-''40° mixed m.p. with/? sitosterol, 139-41°. 
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